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ABSTRACT

Acetylcholinesterase from rat brain was studied in
crude homogenates, partia lly puri fied enzyme fractions, and
in synaptosomes, to observe modi fication o f the enzyme as a
consequence of the modification of the membrane containing
it.

Sodium dodecyl sul fate decreases the absorbance d ue
to particles in the homogenate.

This change in absorbance

was proportional to both the concentration of so d ium dodecy l
sulfate and the co ncentration of the particles.

Further,

sodium dodecyl sulfate caused sulfhydryl groups to appear in
the crude homogenate and in partially purified enzyme frac ,

tions.

Synaptosomal preparations did not gi ve such resu l ts.

At concentrations of sodium dodecyl su lfate su fficient to
cause absorbance changes,
branes in the preparation,

and there fore to modify the memthe en zyme acetylcholinesterase

was com pletely inhibi ted.
A non-ionic detergent in the s ame range of con centrations as for sodium dodecyl su l fate, neither inhibited the
enzyme nor caused any noticeable change in abso rbance due to
the membranous particles.

INTRODUCTION

There are millions o f nerve cell s in th e brain which
require special enzymes for the synthesis and metabolism of
substances which allow communication between cells.

Nerve

impulses are transmitted from one cel l to an other throu gh a
synapse.

The transmission o f information across the synapse

occurs by the release o f tra nsmitter substance from the p resynaptic membrane and its interaction wi th the receptor in
the postsynaptic membrane
eral

(1).

Acetylcholine is one of sev-

transmitter subs tances involved in the transmission o f

information across synapses.

Interaction o f acetylcholine

with i ts receptor in the postsynaptic memb rane leads. to
I

excita tion of the cell whereupon the acetylcholine is
destroyed by hydrolysis catalyzed by the enzyme acetylcholinesterase

(2).

The c omponents of neuronal membranes·

a re important for understanding o f the structure and function
of this membrane.
Proteins are obviously important in the metabolis m
of neurotransmitters, the structure of the membranes, as
well as other vital c omponents of the chemical transmission
from one cell to another.

Several experiments have confirmed

th e classical observation of Weiss and Hiscoe

(194 8 )

cytoplasmic components ma y migrate down the axon.

(3) that

There are

data suggesting that proteins ma y be also synthes ized in

1

2

cytoplasmic and m itochondri al components of axons

(3).

The l ipid cl asses present in sy naptic plasma membrane
are very sim ilar to whole brain (4).

The rat synaptic plasma

membrane is abou t two t imes richer in lipids than plasma
membranes from rat

liver.

The most striking

featu re o f

synapt ic plasma membrane is the h igher proportion of longer
cha in fatty ac ids with a h igh degree of unsaturation in the
syna ptic plasma mem brane tha n in whole brain .

These fatty

ac ids are primarily moieties of phosphat idylethanolam ine and
phosphat idylserine

(4).

It is assumed that membrane bound proteins interact
directl y w ith some of the membrane l ipids and are involved
with the lipids in making up t he structural matrix o f the
membrane

(5) .

Since the hydrophob ic groups of the proteins

are t hought to penetrate into the interior of t he membrane,
th is interaction would lead to the co n formation of t he pro
teins that accommodates th ese deep associ a tions

(6).

important consequence of the physical arrangement of
and proteins

The
li pids

in synaptic plasma membrare is that the p resence

of long chain unsa turated fatty ac ids would lead to steric
restricti ons on the conformation of the membrane boun::i
proteins.
The organization o f the synapti c region is rather
com plex

( 7 ).

O f p articular interest are the thickenings o f

the synaptic membranes, th at is the presence of the in ter
syna p t ic

filaments wh ic h

cle ft; and a system o f

join the two membranes across t he

filaments, the p resynaptic web,

3

projecting into th e postsynaptic region.
constitute what ma y be called the
synapse

Such components

junctional com plex of the

{7 ).
Most of t he acetylcholinesterase is membrane bound

and can be isolated in synaptosomes (3).

Synaptosomes are

artificially produced dur inJ homogenization by a cl osin g
of synaptic membranes to form sm all globules containinJ most
of the junctional complex of the synapse
Solubili zation of pr oteins

(3) .

that are loosely associ

ated with membranes can be c:bne partial ly, or selectively,
by methods that involve chelating agents, manipulation of
ionic strength and pH.

These methods, however, do not lead

to solubili zation of all proteins, especially those whi ch
are more strongly bound to the lipid matri� of membranes.
For such protei ns, the use of detergents serves the best
purpose of solubi li zation

( 8).

As t he concentration of the detergent increases in
a sus pension of liposomes, detergent is incorporated into
the bilayer and hence causes changes in i ts physical prop
erties by forming mixed micelles.

The for mati on of mixed

micelles gi ves rise to phase transiti ons after whic h in
crease in the detergent to phospholipid ratio causes a
decrease in micelle si ze

(8).

From the above knowledge, it is

pr oposed that long

chain unsaturated lipids and the ir dee p penetration into
the interior of the

membrane gi ve ri se to hydrophobic

interactions to for m a sterical ly restricted structural

4

matrix co ntaining the en zyme acetylcholinesterase.
d is ruption of the lipid matrix sh ould

Sl igh t

force the enzyme into

a dif ferent environment free of the orig inal forces.

In

this new environment it is expected th at th e en zyme would
exh ibit altered chemical and physical properties.
Two possible ways to study the modi fication in the
cha racteristics of the en zyme by modi fying th e membrane
whic h holds it in a rigid con formation are ei ther to
solub ili ze the membrane and observe whether the en zyme was
modified when released from th e structural matrix of the
membrane, or to treat the membrane wit h a detergent which
would mod i fy th e membrane but keep t he enzyme bound to the
membrane.
We have attem pted th e latter.

Using light scattering

as a measure of the integrity of the synaptosomal membran es,
we have sought conditi ons under whi ch the membranes have
been mod i fied an d under \Ji ic h the enzyme p roperty of
catalysis could be measured.

We have sou ght changes in the

catalyt ic pro perties of the en zyme acetylcholinesterase
which could be traced to modi fication o f the synaptic p lasma
membrane.
The colorimetric determination o f acetylcholin
esterase activity has been used by numerous researchers
Ellman

(9).

{10) found that t he product o f en zymatic activity on

acetylthiocholine

(AcSCh) reacted rap i d ly with

dithiob is- (2-nitroben zoic ac id)
2-nitroben zoic acid.

At pH8,

S,5'

{DTNB) to produce 5-thio-

lx>t h of the se compounds exist

5

as anions, or benzoates,

rather than as free acids.

5-Thio-2- nitrobenzoate is hig hly colored with an extinction
coefficient of E

412

nm

( yellow).

=

13,000 w ith a maximum absorption at
Thus its rate of for mat ion and therefore

the rate of hydrolysis of AcSCh can be readily foll owed wit h
a spectro photometer.

DTNB i s a sulfhydryl reagent an d the

spectro photometer determines the for mati on o f -SH groups and
thus the actual hydrolysis of AcSCh.
tute for the natural substrate
The reactions

AcSCh is a good substi

(9).

involved are

AChE

(1)

very fast

(2)

non-enzymatic

-q

+
(CH > N CH CH -s-s
2
2
3 3

,

N0

2

coo-

+ 0 N
2

�
coo-

colored

S

-

MATERIALS A ND METHODS

Special chemicals were obtained from the following
sources:

Sodium dodecyl sulfate (Eastman Organic Chemicals ,

Rochester, N. Y. ) ; 5, 5'dithiobis (2-nitrobenzoic acid) and
acetylthiocholine (Nutriti o nal Biochemicals Corporatio n,
Cleveland, Ohio) ; 10% non-ionic detergent a polyol reage nt
No. 820 (Scientific I ndustries, Inc., Springfield, Mass. ) ;
all other chemicals were reagent grade.

Rats were used

from our laboratory colony.
Crude Homogenate:
All experiments were carried out at 4°C.
,

Rats were etherized, decapitated and the brains

removed.

A 10% homogenate was made in . 32 M sucrose,

.001 M EDTA and .1 M phosphate buffer.

The brains were

homogenized by seven up and dow n passes with a Thomas
homogenizer using a teflon pestle.
Partially Purified Enzy me:
A 10% rat brain homogenate was made i n .32 M sucrose,
. 001 M EDTA and . 1 M phosphate buffer at pH8 .

This homog-

enate was centrifuged at 6000xg for 1 min using a Sorvall
Superspeed centrifuge.

The precipitate was discarded an d

the supernatant was centrifuged at 10, 000xg for 10 min
using a Beckman Model L 3-50 Ultracentrifuge with the L-50
6

7

head.

The supernatant was discarded and the precipitate was

suspended in 1. 5 ml of 0 .32 M sucrose, . 001 M EDTA a nd .1 M
phosphate buffer per gram of brain.

Synaptosomal Preparation:
Partially purified e nzyme was separated on a dis
continuous sucrose gradient .

A disconti nuous sucrose

gradient was prepared with 5. 0 ml 1. 2 M sucrose, 5. 0 ml
1.0 M sucrose and . 8 M sucrose.

1 ml of 1. 5 ml/g of brain

resuspension was carefully layered on top of the gradient
and centrifuged at 2 5 ,000xg for 3 hrs in the L3- 5 0 Ultra
centrifuge using a SW 27. 1 swinging bucket head.

Synapto

somes at the interphase of 1.2 M a nd 1.0 M sucrose were
eluted by displacin g the con te nts with 2 M sucrose.
cautions were taken to avoid any bubbles that would

Pre

f!U x

up

t he grad ient.

Enzyme Assay:
Acetylcholinesterase activity was determined by the
method of Ellman

(10)

as described by Bennett (11).

A sto ck

solution of . 4 M phosphate buffer was prepared by dissolving
104 g of Na HP0

2

4

•

7H 0 and 3. 9 g of NaH P0
2
4
2

•

1 H 20

in sufficien t distilled water to make a final volume of 1
liter.

This phosphate stock solut ion was diluted wh enever

needed to give .1 M phosphate wh ic h was adjusted to a
pH of 8.

To 2. 8 ml of .1 M phosphate buffer .1 ml of

enzyme was added and 50 µl of the DTNB reagent was delivered
from a 5 0 µl "lambda" pipette.

The contents were mixed in

8

the Cuvett arrl it was placed in the Bausch & Lomb Spec
tronic 70 set at 412 nm.

0 absorban ce units.
added.

The absorbance was adjusted to

To this 5 0 pl of AcSCh sol ution w as

The contents were rapidly mixed and replaced in the

cell compartment of the spectrometer.

Absorbance was re

corded at thirty second intervals over a 5 to 7 min
period.
The DTNB reagen t was prepared by dissolvin:J
of 5, 5'-dithiobis- (2-nitrobenzoic acid)
phos phate buffer,

40 mg

in 10 ml of . 1 M

plus 15 mg of sodium bicarbonate (NaHC0 ).

3

AcSCh was prepared by dissolving 27 0 mg of acetylthio
When 50 pl o�

choline iodide in 25 ml of distilled water.
t h is st ock reagent is used in

an

assay with a final volume

of 3 ml the fin al AcSCh con centration is 6xlo

-4

M.

Detergent Treated Pellet:
Both synaptosomal fraction and the partially puri

fied resuspen sions were used.

Appropriate quantities of

these preparations were mi xed with .32 M sucrose, .001 M
EDTA and . 1 M phosphate at pH8 in the L-50 head tubes to
gi ve .1 ml of sample per 3 ml of solut ion.
taining this solution were cen trifuged:
the detergent and the other was n::>t .
carried out at 10, 000xg for 10 min.

Two tubes con 

one was treated with

The centrifugation was
The supernatant was

saved in a test tube and the pellet was resus pended in . 3 2 M
sucrose, . 001 M EDTA and . 1 M ph os phate buffer to gi ve

. 1 ml sample per 3 ml of solution (Fig. 1).

RESULTS

Crude Homogenate:
The rate of the acetylcholinesterase reaction in
the crude homogenate was determined at 5 different concentrations of AcSCh.

Three trials were done wi th each con-

centration of substrate used.
Michaelias-Menten kinetics.

[s )

The enzyme follows
When

(v ]

a parabolic curve is obtained.

gives a straight
- 1

=

is plotted against

A Lineweaver-Burke plot

line w ith an intercept of 1.85 min/mM and

3
-ll.5xl0 /mole.

V

Km

max

was calculated to

and Km was found to be .86xl0

-4

be .54 mM/min

M (Fig. 2 ).

SDS was found to inhibit acetylcholinesterase in
the 10% homogenate

(Fig. 3).

at a concentration 1.04xl04.33xlo-4 M.

3

The SDS gave 90% inhibition
M and about 10% inhibi tion at

Incubation for about 10 minutes with l.04xl0-3 M

SDS gave complete loss of activity.

From Fig. 3 it can be

seen that inhibition increases sharply in the range of
6xl0-

4

M SDS and l.Oxlo

studied were .0125% and
SDS and l.733xl0

-3

-3

M SDS.

The range of concentr ations

.05% which corresporrl

to 4.33xl0-4 M

M SDS.

The non-ionic detergent in the same range of concentrations had no effect on the rate.

Therefore we though t

that it may be the ionic character of the sos causing a
change in the ionic strength of the solution.

9

The

ionic

10

strengths of bot h the phosphate :b.lffer an d 6.93xl0

M

-3

SDS

were calculated from th e following formu la.

Ionic strength

�

=

\'M.Z�
1 J.

�

where M is the molarity and

z

is the ch arge.

the ionic strength of t he buffer equal
that of 6.93xl0

-3

This gave

us

to . 2843 at pH8 and

M SDS equal to .00693.

Since th e range o f

concentrations of SDS w e were using were much lower than
this, the ionic strength of the solution is not the factor
which was causing inhibition.
Three different concentrations of 10% homogenate
were studied wit h different con centrations of SDS.

The

concentrations of 10% homogenate studied were .15 ml,
,

. 1 ml and

.OS ml

and the range of concentration of SDS

was same as above.

When buffer,

homogenate and water was

used as a blank against buf fer, homogenate and SDS it was
found that the absorbance rapid ly decreased and e ventually
stop ped decreasing.

The c hange was p ro portional to t he

concentration of SDS and the homogenate.

This change in

absorbance was taken as a measure of SDS modificati on of
membranes in homogenate.

When DTNB was added to a mixture

of buf fer, homogenate and SDS the absorbance jumped from
zero to .44 absorbance units within
creasing slow ly to

.6.

30 seconds and kept in-

This change was proportion al to

both the concentration of homogenate and

SDS.

Since reaction

11
with DTNB is due to free sulfhydryl grou ps, this observation
could be taken as a measure of the modification of the
membranes in the p reparations.
Synapt osomal Prep aration:
A similar set of experiments was done on the iso-

1 ated synaptosomes from the sucrose gradient.

The Lineweaver-

Burke plot of substrate variation gave Vmax equal to .04901
-4
mM/min and Km equa l to .47xlo
M.
Complete inhibition of
acetylcholinesterase was observed at even the lowest SDS
-4
concentration used above (4. 33xlo
M SDS).

When the sos

concentration was reduced to lower levels a point was
reached where there was little inhibition.

However at this

low level of detergent no measurable effect on the absorbance
due to the membranes or due to reaction with DTNB couad be
detected.

Consequently it was deemed impossible to measure

modification of the membranes by these methods.
The inhibition by the non-ionic detergent at higher
co ncentrations in synaptosomes shows that at . 167% nonionic detergent concentration th ere was 18% inhibition, that
at about 1.34% non-ionic detergent concentration there was
about 84% inhibition and that 1.67% gave 100% inhibition.
The inhibition was found to increase linearly with the
concentration of non-ionic detergent (Fig. 4).
The following experiment was done on synaptosomes to
determine if the enzyme was released into the supernatant

12

by detergent treatment.
4 .33xl0

-4

Synaptosomes treated with

M SDS were subjected to 10, 000xg for 10 min.

Control synaptosome s not treated with SDS were also centrifuged.

Both the SOS-treated synaptosomes and those not

treated with SDS gave about 60% enzyme activity in the
supernatant.

Since phosphate buffer was used as the sus-

pension medium and lysis of synaptosomes could occur, we
changed the suspension medium to the homogenizing medium at
pH8 to give stability to the membrare bound enzyme during
centrifugation.

This change from .1 M phos phate bu ffer to

the homogenizing medium as resuspension medium did not alter
the results.
The pellet treated with SDS and non-ionic detergent,
and the con trol pellet (not treated with any detergent), in
.

the synaptosomal preparations gave 100 per cent activity in
P

a

and S •
a

Partially Purified Enzyme:
A similar experiment was cbne on the partially purified enzyme.

Partially purified enzyme, here onwards re-

ferred to as P, was subjected to treatment with detergent
and centrifuged at 10, 000xg for 10 min, to give
and a pellet.

a

supernat ant

The above supernatant is referred to from here

onwards as P and the pellet whic h was resuspended in . 32 M
a
sucrose, .001 M EDTA and .1 M phosphate bu ffer at pH8 is
referred to here onwards as P .
b

Partially purified enzyme

which was not treated with any detergen t was used as a

13
control and subjected to cen trifugation at 10,000xg for 10
min which gave supernatant and a pellet.

The resultant

supernatant will be called S ; and, the pelle t resuspended in
a
homogenizing med ium will be called S .
b
Whe n P was treated with l. 733xl0enzyme activity was f ound in P
solubilized.

When P

a

b

3

M SDS about 5%

and the rest was pr esumably

was analyzed for the enzyme, it was

noticed that, just by the add ition of DTNB to a 2.9 ml
aliquot of supernatant Pa' the absorbance increased rapidly
to .4 and from t hen on increased slowly to a maximum of . 43.
This was adjusted to zero absorbance.

Addition of AcSCh at

this stage res ulted in a linear increase in absorbance
equ ivalent to about 4 % enzyme activity .
-4
Treatrrent of P with 4. 33xl0
M SDS gave 60% activity
When 50 µl of DTNB was added to a 2.9 ml P there was
a
a rapid increase in absorbance whic h reached .19 absorbance
units then sl owly increased to .22 absorbance units.
was adjusted to zero absorbance.

This

Addition of AcSCh gave a

linear increase in absorbance which was equiv alen t to 38%
activity.

Wit h the control it was f ound that there w as 93%

ac tivity in S and 8% in S •
b
a

There was no increase in

absorbance when the homogenizing medium was treated with
SDS and DTNB (T able 1).
Partially purified enzyme when treated with . 67%
non-ionic detergent, gave 5% of the enzyme in P and 95%
a
in P .
b
P

b

A 1. 34 % non-ionic detergent gave 95% activity in

and an unidentifiable contaminating activity in P '
a

14
which was due to interaction between the homogenizing medium,

non-ionic detergent and DTNB.

DISCUSSION

The kinetic con stant K

m

and V

m

calculated for our

crude homogenate differ relatively little from the values
reported on wh ole brain by Ellman

(10).

The enzyme activ

-8
ity calculated from our data gave a value o f 1 6. 76xl0
m
-7

moles/min/mg of brain com pared to that of 67.6xl0
moles/min/mg of brain determined by Ben n ett (11) .

m

As a

result of an exten sive study on rat brain, blood an d intestine it was shown th at only about 5% activity in preparations similar to ours was due to a non-specific enzyme
cholinesterase ( 9), and that crude membrane preparation s
obtained from disrupted sy naptoso mes ha ve approximat�ly 80
per cent of the acetylcholinesterase activity of the intact
synaptosomes (12, 13).

Therefore our assay conditions g ave

authentic acetylc holinesterase activity from the synaptosomes and initially this enzyme activity is membrane bound.
From our experiments we have demonstrated that
sulfhydryl groups are released by SDS in whole brai n
homogenates and in the partially puri tied en zyme.

When the

same concentration s of SDS were used wit h the purified
synaptosomes,

no sulfhydryl g roups could be detected.

The main reason s ulfhydryl groups could not be
detected at low SDS concentrations with the synaptosomes
is that any released wo uld be at a concentration too low

15

16

to detect.

It might be anticipated that release of the

enzyne acetylcholinesterase from the membrane might be
ac companied by an appearance of sulfhydryl groups.

However,

the content of sulf hydryl groups in the en zyme is in dispute
(14, 15, 1 6, 17).

(15) has reported th at

Lauzinger

acetylcholinesterase from e lectric eel splits into four
subunits in presence of guanidine and mercaptoethanol.
Since t he enzyme sp lits into four subunits it can be sug
gested that t here mig ht be intrasubu nit dis ulfide bridges
to hold the tertiary structure of the e nzyme.
Wilson (17)

Froede and

have rep orted th at SOS in l ow concentrations

produces inactive subunits with s
Values between 3.2
20,w
and 4.73.

These result s suggest that th ere are no inter

s ubunit disulfide bridges.

T he concentration of

SOS whic h

produced inactive subunits was not reported.
Therefore our results from synap tosomal preparations
are consiste nt with an e nzyme having few sulfur cont aining
moieties wit h no di sulf ide bridges involved in the quaternary structure.
Si nce the synaptoso me preparation had, at mos t,
3 mg protein/ml, assuming

th at there were 20 m mole of

sulfhydryl for each 233, 000 mg protein, an d since the molar
absorbtivity of 5-thio-2-nitrobenzoate is. 13, 600,

the n the

greatest absorbance we could expect would be 0. 100 after
reaction with OTNB.

However,

this ass umes that 100% of the

protein prese nt is acetylcholinesterase.

Since a reason-

able expectation would be that the enzyme makes up less

17

than 10 per cent of the pr otein, it is concluded th at the
sulfhydryl groups from t he

enzyme would be undetectable by

these methods.
The centrifugation studies on t he partially purified resuspension and synaptosomal f raction resuspension
were done t o determine w het her or not the enzyme was being
solubilized from the mem brane.

Indeed there was a differ-

ence found between the p e llet from the partially purified
enzyme wh ich behaved normally and t he super natant whic h
gave very little activity but released sulfhydryl groups.
In contrast to the partia lly purified enzyme, the
synaptosomal preparation pr oduced no pellet on centrifuga
tion, whether treated with detergent or not.
It was impossible to reach definite conclusions
because of the following difficulties:

1)

The purified synaptosome preparations contained
a low amount of en zyme activity.

2)

The non-ionic detergent at l ower con:entrations
did not release the enzyme from the membrane.

At

hig her co ncentrations, th e non-ionic detergent
instead of releasirlJ

the enzyme from the membrane,

gave a con taminati ng absorbance ir. the supernatant
P , therefore the val idi t y of the o bse r va tio ns are
a
doubtful in p re sence of this non-ionic deter g e nt.
3)

The synaptosomal preparation

was

co m pl e t e l y

hibited by very low concentration of SDS

4)

in

4
(4.33xloM).

The synaptosomal preparation when treated with a
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non-inhibitory concentration of SDS gave 100 per
cent activity in both P

a

and S

a

•

The fellowing few points are suggested for further
investigations to accomplish definitive results.
Since the purified synaptosomal plasma membrane from
sucrose gradient contains low level o f enzyme activity, a
Ficoll-sucrose discontinuous densit y gradient would give
much better preparations

(12).

F rom a recent report it was

found that the crude homogenate had 80 per cent of the
acetylcholinesterase activity of the intact synaptosomes
arrl

ap proximately 50 per cent is recovered in the synapto-

somal plasma membrane puri fied by su crose densit y grad ient.
The mode of action of SDS is a c ooperative association to all proteins and the maximum a mount of SDS that is
bound per gram of pr otein is the same for most of th em (6) .
The interaction of SDS wit h most proteins is hydro phobic,
which can be seen from the f ollowing line of evidence.
Seventy per cent of the SDS bound to Cytochrome b binds to
the tryptic fragment, yet the tryptic fragment represents
only 30 per cent of the protein.

The tryptic fragment of

Cytochrome b contains the hydrophobic region of the protein
( 18).

The result o f the cooperative binding of SDS to pro-

teins havin g quaternary structures usually is dissociation
of them into their co nstituent polypeptide chains.

There-

fore SOS would not be a good detergent for an enzyme which
is susceptible to dissociation at low concentrations.
A comparative stud y of the non-ionic detergent
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Triton X-100 against SDS

or

non-ionic detergent polyol

favours th e use of Triton X-1 00 for the foll owi� reasons.
The binding of the non-ionic detergent Triton X-100 to a
number of water soluble proteins has been studied and no
binding t o si tes other t han the high af finity sites of serum
albumin has been detected ( 8).

Triton X-100 neither appears

to induce confonnational chan ges in proteins leading to loss
of their biol ogical properties nor does it al low denatura
tion so that proteins can preserve their quaternary struc
tures in presence of hig h co ncentrations ( 8}.
The nature of the charged head group and the length
of the alkyl tail of a detergent are important and infl uence
both the critical co ncentration rEeded to induce cooperative
binding and the resul ting conformational change.

Sirx:e

Triton X-100 has rigid and bulky apolar moieties, it prob
ably does not penetrate crevices of the pr otein surfaces as
efficiently as the flexible alkyl chains of other detergents

(8).
This detergent has been used by several researchers
to

solubilize the membrane bound acetylcholinesterase.

One

report says that more than 90 per cent of the homogenate
activity was recovered in the initial detergent supernatant
in contrast to only 10-12 per cent in the residue (19).

The

concentration of this detergent used for solubilization was
.1

per cent.

This concentration does not inhibit acetyl

chol inesterase (1 2 ).

In the light of the above information

it can be said that sodium dorlecyl su lfate which has a
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flexible alkyl chain penetrates efficie ntly into the crevices
of proteins making cooperative associations hence breaking
the enzyme into inactive subunits.

The non-ionic detergent,

a polyol, used in th is stud y might have a branched alkyl tail
which could not penetrate into the crevices of protein sur
faces at a ll therefore remained inactive in breaking up the
lipid bilayer.
Hence it is proposed that for further studies
Triton X-100 might give better results based on the fact
th at it preserves the quaternary structure of protein.
A new technique to

understand induced conformational

changes has been developed by Got to an d Kon (20).

The

procedure requires sp in-labeling lfvhich is very sensitive
and enables one to draw definite conclu sions.
Spin labels have been employed to study the e f fect
of phospholipase C action on the molecular motion of the
phospholipids in nerve mem branes (21).

Electron spin

resonance methods were also used to investigate the e f fects
of independent v ariation of the lipid and protein co mposi
ti.on on the organization of the lipid in viral membr anes

(22).

The viruses were labeled with nitroxide derivatives

of stearic acid.
From the studies on the conformation of human serum
high-density lipoproteins, it was con cluded that electron
paramagnetic resonance is more sensitive than infrared
spectroscopy or circular dichroism to changes in local
environment .

The lipid-protei n interactions in hig h-density
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lipoproteins were exami ned by labeling the free amino groups
of the protei n moieties wit h a maleimide nitroxide deriv

ative (20).

It was inferred that signa ls were very sensi 

tive to changes in the local environment of the nitroxide
radical which may reflect o verall alterations in the con
formation of the protein (20).
It

is finally pr oposed that by incorporation of

nitroxide derivatives of stearic acid int o the phospho
lipids or by labeling the free amino groups of proteins,
the change in the mem brane and con sequently a change in
enzyme can be followed by partial sol ubilization of membrane
bo und enzyme by detergents.
of

a

The dif ference in enviro nment

pr otein ie when boun:J. to membrane would give a sign al

corresponding to a specific con formatio n in the lipid bi1 ayer whic h would be different whe n the

pr otein is sol ubi

lized and hence in a different c onformation corresponding
to the new surroundings.
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TABLE I
p
s

a

S

b

=

.57

A od/min

=

100% activity

=

.as

A od/min

=

8% activity

=

.535

A.od/min

=

93% activity

4 . 33x l0
p

a

-4

M SDS

l.7 33xl0

-3

M SDS

38% activity

2% activity

60% activity

5% activity

-3
1.733xl0
M SOS:
% activity after

addition o f AcSCh

P

a

+

DTNB

.43 od units

2% activity

-4
4 .33xl0
M SDS:

% activity after
addition of AcSCh

P
a

+

DTNB

.22 od units

38% activity

Fig. 1
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Enzyme suspension
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Not treated
with detergent Control)

Treated with
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Centrifuged at 10,000xg
for 10 min.

I

Supernatant
p

a

.

I

Precipitate

. I

Centrifuged at 10, 000xg
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